Summary -Mycorrhiza formation and plant growth, in particular root development, of Pinus halepensis were studied in relation to the influence of pH from simulated rain in pot cultures. Four treatments of water (7.5, 6.0, 4.5 
INTRODUCTION
Due to the implication of acid rain as a contributing factor to forest decline in central Europe and North America, many studies have been made recently on the influence of acid precipitation on alpine and temperate forests and on different plant species. Mycorrhizae, as a component of the forest ecosystem of indisputable importance, could be affected directly, and thereby affect the tree, or be indirectly affected by the tree .
In this context, the impact of natural or simulated acid rain has been studied, among others, on mycorrhizae of Betula papyrifera (Keane and Manning, 1988) , Picea abies (Blaschke, 1988; Blaschke and Weiss, 1990) , Picea rubens (Meier et al, 1989) Quercus rubra (Reich et al, 1985) and Quercus alba (Walker and McLaughin, 1991) . More attention has been focused on pine species: Pinus strobus (Stroo et al, 1988) , P taeda (Shafer et al, 1985; Walker and McLaughin, 1991; Edwards and Kelly, 1992) , P sylvestris (Dighton and Skeffington, 1987; Dighton, 1988) , P banksiana (McAfee and Fortin, 1987) and P thunbergii (Maheara et al, 1993) . Acid rain events have been reported from Mediterranean areas such as Greece (Samara et al, 1992) , Italy (Camufo et al, 1991) and Spain (Bellot and Escarré, 1988; Carratalá, 1993; Carratalá et al, 1994) . Howewer, except for some studies in California on Pinus ponderosa (Temple et al, 1993) , little information exists on the influence of acid rain on Mediterranean forests.
Aleppo pine (Pinus halepensis Miller) is a widely distributed species in Mediterranean forests. Some previous reports have revealed that this plant species is affected by atmospheric pollutants, such as SO 2 and O 3 (Sánchez-Gimeno et al, 1992; Velissariou et al, 1992; Inclán et al, 1993; Wellburn and Wellburn, 1994; Anttonnen et al, 1995) . Díaz et al (1996) Agerer (1987 Agerer ( -1995 The most obvious conclusion that can be drawn from the data presented here is that no negative effect of acidity was apparent on mycorrhization. On the contrary, ectomycorrhizae were slightly favoured in the most acid treatment (pH 3) in the three experiments carried out, this tendency being clearer in the third experiment.
There is no consistency in the literature on the effects on acid deposition on ectomycorrhiza. Many papers report no response of ectomycorrhizal fungi (McAfee and Fortin, 1987; Meier et al, 1989; Blaschke and Weiss, 1990; Edwards and Kelly, 1992) . The studies that show a negative influence of acidity refer to acid substrata or a specific fungus. For example, Shafer et al (1985) reported inhibition of mycorrhization by Thelephora terrestris and Laccaria laccata; Stroo et al (1988) by Pisolithus tinctorius on soils of pH 4.1-5.7; and Maheara et al (1993) also with Pisolithus tinctorius in axenic conditions. Dighton and Skeffington (1987) and Dighton (1988) showed similar results on a coraloid morphotype. In natural soils, with a community of mycorrhizal fungi, Blaschke (1988) and Rudawska et al (1996) in acid soil also reported a reduction on mycorrhizae. From these studies it can be deduced that responses to acidity vary depending on host plant, fungus species and, above all, the soil characteristics and duration of exposure. Hung and Trappe (1983) , among others, reported the preference of ectomycorrhizal fungi for slightly acid media. In particular, S collinitus 157ED, the strain used for experiment 3, has been observed to have similar colony diameter when cultured in vitro at a range of pH values of 3.5-7.5 (1 point intervals), although a slight reduction in mycelium biomass was noted at 4.5, 3.5 and 2.5. Other Suillus species (S granulatus, S luteus and S variegatus) showed similar behaviour. On the other hand, the tolerance of these species at pH 7.5 has also been demonstrated (Honrubia et al, 1995 . Suillus species are very common in P halepensis forests and fruit bodies have been found in the site where soil for experiment 1 was collected (Sán-chez et al, 1996) . Moreover, isolations of fungal symbionts from ectomycorrhizae of seedlings from bioassays of this soil revealed that mycelia obtained were of the Suillus type (Honrubia et al, 1995 (Lehto, 1994 (Reich et al, 1985) . Further studies to dilucidate the effect of the N incorporated with the acid rain on the plant-soil system and its possible influence at a critical level on mycorrhizae formation should be conducted.
In any case, as these authors hypothesized, the negative effect of acid rain on mycorrhiza formation occurs when it is more acidic than the soil.
Enhancements of mycorrhiza formation by low pH have been previously reported. Walker and McLaughin (1991) Dighton (1988) reported the decrease of pH by about 0.4-0.6 of a pH unit in an humoferric podsol treated 2 years with acid rain (pH 3). In contrast, Edwards and Kelly (1992) did not find soil acidification after 3 years of treatment at pH 3.
On the other hand, effects of acid deposition on ectomycorrhizal fungi can be explained without acidification. Maehara et al (1993) reported that acid mist adversely affected the plant transpiration rate and lowered the extractable phosphorus content, and suggested that the retarded mycorrhiza formation was due to alteration of seedling physiological activities, but without affecting the soil. We can deduce from these findings that in calcareous soils of neutro-basic pH, long-term exposures to acid rain would be necessary to produce slight acidification and, even so, no damage to ectomycorrhizal fungi would be produced. Partial neutralization of rain acidity has been already reported in Mediterranean areas due to the presence of calcareous soils (Camufo et al, 1991; Samara et al, 1992) , which suggests the buffering mechanisms of the ecosystem and their importance in relation to stress phenomena such as acid rain.
In conclusion, our results indicate that in calcareous soils of neutro-basic pH, shortterm exposures to acid deposition did not negatively affect ectomycorrhizal fungi, in particular the Suillus species, and that they even responded favourably to acidity.
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